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(54) Apparatus and method for monitoring tire condition 



(57) A transmitter (30) of a tire condition monitoring 
apparatus (1) has a pressure sensor (32) . a transmitting 
circuit (34), and a transmission controller (31). The pres- 
sure sensor (32) measures the air pressure of a tire (20). 
The transmitting circuit (34) wirelessly transmits data in- 
dicating the measurement at a variable bit rate. The 
transmission controller (31 ) controls the transmitting cir- 



cuit (34). More specifically, the transmission controller 
(31 ) varies the bit rate depending on the traveling speed 
of a vehicle (10), which is detected by a vehicle speed 
sensor (33). The transmission controller (31) then caus- 
es the transmitting circuit (34) to transmit data at the var- 
ied bit rate. Accordingly, regardless of the operation 
mode of the vehicle (10), the data is transmitted at an 
optimal bit rate. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to apparatuses 
and methods for monitoring the condition of a lire, and, 
more particularly, Lo apparatuses and methods forwire- 
lessly monitoring the condition of a tire, such as air pres- 
sure, to enable a driver to monitor that tire condition in 
a passenger compartment. 

[0002] Wireless tire condition monitoring apparatuses 
have been proposed for enabling a driver of a vehicle to 
monitor the conditions of the tires in the passenger com- 
partment. A typical wireless tire condition monitoring ap- 
paratus includes a plurality of transmitters and a receiv- 
er. Each of the transmitters is associated with a different 
one of the tires and is installed in the associated tire. 
The receiver is installed in the body frame of the vehicle. 
Each transmitter has a tire condition sensor that meas- 
ures parameters indicating the condition of the associ- 
ated tire, such as the air pressure and the temperature 
of the interior of the tire, and a transmitting circuit that 
wirelessly transmits data based on the measurement to 
the receiver. The receiver receives the data from the 
transmitter via a receiving antenna. The receiver then 
indicates the condition of the tire on a display, which is 
located, for example, near the driver seat in the passer - 
ger compartment. 

[0003] In this apparatus, each transmitter transmits 
data indicating the condition of the associated tire at a 
constant bit rate, regardless of the operational mode of 
the vehicle, or regardless of whether the vehicle is mov- 
ing or stopped. The battery of the vehicle powers the 
receiver. Thus, to save the battery power, a receiving 
circuit of the receiver is periodically turned on and off, 
instead of being maintained in a constantly turned-on 
state, when the engine is stopped. That is, the receiver 
operates intermittently as long as the engine is stopped. 
[0004] The positions of the transmitters relative to the 
receiving antenna change in accordance with the move- 
ment of the tires. Thus, when one of the transmitters 
transmits a radio wave to the receiver, the level of volt- 
age induced in the receiving antenna by the radio wave 
changes in relation to the rotational angle of the asso- 
ciated tire, with reference to Fig. 4. The change of the 
induced voltage level (hereafter, "an induced voltage 
pattern") is determined by factors such as the type of 
the vehicle, the positions of the tires, the types of the 
tires and wheels, and the location of the receiving an- 
tenna. The induced voltage pattern includes an induced 
voltage area in which the induced voltage dose not 
reach a level corresponding to a minimum receiving 
sensitivity of the receiver (hereafter, "a null point"). 
[0005] That is, the receiver accurately receives data 
from the transmitters only when the induced voltage lev- 
el does not correspond to the null point, or is in a receiv- 
able induced voltage area. Further, if the rotational 
speed of the tires is increased due to acceleration of the 



vehicle, the time for which the induced voltage level re- 
mains in the receivable induced voltage area is short- 
ened. That is, the higher the rotational speed of the tires 
becomes, the more difficult it becomes for the receiver 

s to accurately receive data from the transmitters. In other 
words, if the dala transmitting lime exceeds the time for 
which the induced vollage level remains in the receiva- 
ble induced voltage area, the receiver cannot complete- 
ly receive the data from the transmitters. 

10 [0006] To solve this problem, for example, the trans- 
mitting power of each transmitter may be raised to elim- 
inate the null point. However, the transmitting power is 
restricted by radio wave regulations. Further, to prolong 
the lives of the batteries that power the transmitters, it 

15 is undesirable to raise the transmitting power of the 
transmitters. It is thus impossible to raise the transmit- 
ting power of each transmitter to a level sufficient for 
eliminating the null point. 

[0007] Alternatively, the null point may be eliminated 

20 by optimizing the location of the receiving antenna. In 
this case, the induced voltage pattern of the receiving 
antenna is affected by factors such as the type of the 
vehicle, the positions of the tires, and the types of the 
tires and wheels. That is, the optimization of the location 

25 of the receiving antenna needs a large-scale evaluation 
and is thus infeasible. Further, the design of the vehicle 
may make it impossible to install the receiving antenna 
at an optimal location. In addition, it is desirable that the 
location of the receiving antenna be selected freely. It is 

30 thus impossible to eliminate the null point by optimizing 
the location of the receiving antenna. 
[0008] It is also possible to shorten the data transmit- 
ting time of each transmitter to reliably transmit data 
even when the vehicle traveling speed is relatively high. 

35 The data transmitting time may be shortened by de- 
creasing the bit count (the data length) of transmitted 
data or increasing the bit rate of the transmitted data. 
However, since the above-described apparatus em- 
ploys a minimum bit count'for transmitted data, the bit 

40 count of the transmitted data cannot be further de- 
creased. Thus, the data transmitting time must be short- 
ened by increasing the bit rate of the transmitted data. 
In this case, the increased bit rate must be selected to 
sufficiently shorten the data transmitting time, compared 

45 to the time for which the induced voltage level remains 
in the receivable induced voltage area, even if the in- 
duced voltage pattern includes the null point. Further, 
data transmission can be further stabilized by repeating 
the data transmission several times in a single transrnis- 

50 sion cycle, in addition to the increasing of the bit rate. 
[0009] However, as described, the receiver operates 
intermittently to save the battery power when the engine 
is stopped. Thus, if the data is transmitted at a relatively 
high bit rate in a relatively short time when the engine is 

55 stopped, the receiver cannot stably receive the trans- 
mitted data unless the receiving circuit is turned off only 
for a relatively short time, or unless the receiving circuit 
remains turned on for a sufficiently long time, during the 
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intermittent operation. In contrast, to save the battery 
power when the engine is stopped, the receiver needs 
to be turned on for a relatively short time during the in- 
termittent operation. It is thus impossible to prolong the 
time for which the receiving circuit remains turned on 5 
and save the battery power al the same time. 

SUMMARY OF THE INVENTION 

[001 0] Accordingly, it is an objective of the present in- 
vention to provide an apparatus and a method for mon- 
itoring the condition of a tire that transmit data at an op- 
timal bit rate regardless of the operational mode of a 
vehicle, or regardless of whether the vehicle is moving 
or stopped. 

[001 1 ] To achieve the foregoing and other objectives 
and in accordance with the purpose of the present in- 
vention, the invention provides a transmitter of an appa- 
ratus for monitoring the condition of a tire attached to a 
vehicle. The transmitter includes a tire condition sensor, 
a transmitting circuit and a controller. The tire condition 
sensor measures a parameter indicting the condition of 
the tire. The transmitting circuit wirelessly transmits, at 
a variable bit rate, data representing the measured pa- 
rameter. The controller controls the variable bit rate of 
the data transmitted by the transmitting circuit. 
[0012] The present invention also provides a method 
for monitoring the condition of a tire attached to a vehi- 
cle. The method includes the steps of measuring a pa- 
rameter indicating the condition of the tire, wirelessly 
transmitting, at a variable bit rate, data representing the 
measured parameter, and varying the variable bit rate 
of the transmitted data in accordance with a traveling 
speed of the vehicle. 

[0013] The present invention further provides a meth- 
od for monitoring the condition of a tire attached to a 
vehicle. The method includes the steps of measuring a 
parameter indicating the condition of the tire, and wire- 
lessly transmitting data representing the measured pa- 
rameter at more than one bit rate. 
[001 4] Other aspects and advantages of the invention 
will become apparent from the following description , tak- 
en in conjunction with the accompanying drawings, il- 
lustrating by way of example the principles of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The invention, together with objectives and ad- 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Fig. 1 is a block diagram showing a tire condition 
monitoring apparatus according to an embodiment 
of the present invention; 

Fig. 2 is a block diagram showing a transmitter in- 



stalled in the apparatus of Fig. 1; 
Fig. 3 is a block diagram showing a receiver in- 
stalled in the apparatus of Fig. 1; 
Fig. 4 is a graph representing a pattern of voltage 
level induced in a receiving antenna during one ro- 
tation cycle of a tire; 

Fig. 5 is a table showing the relationship between 
vehicle traveling speed and receivability of the re- 
ceiver; 

Fig. 6 is a timing chart indicating intermittent oper- 
ation of a transmitting circuit; 
Fig. 7 is a block diagram showing a transmitter of a 
tire condition monitoring apparatus of another em- 
bodiment according to the present invention; 
Fig. 8(a) is a view explaining data transmission at 
different bit rates in a single transmission cycle in 
another embodiment of the present invention; 
Fig. 8(b) is a view explaining data transmission at 
different bit rates in a single transmission cycle in 
another embodiment of the present invention; 
Fig. 9 is a block diagram showing an external con- 
trol device of another embodiment of the present 
invention; and 

Fig. 10 is a view explaining transmitted data during 
a registration mode in another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERED 
EMBODIMENTS 

[0016] An embodiment of the present invention, or a 
wireless tire condition monitoring apparatus 1 , will now 
be described with reference to Figs. 1 to 6. 
[001 7] With reference to Fig. 1 , the tire condition mon- 
itoring apparatus 1 includes four transmitters 30 and a 
single receiver 40. Each of the transmitters 30 is asso- 
ciated with a different one of four tires 20 of a vehicle 
1 0. The receiver 40 is installed in a body frame 1 1 of the 
vehicle 10. 

[0018] Each transmitter 30 is fixed to a wheel 21 such 
that the transmitter 30 is located in the associated tire 
20. Each transmitter 30 measures a parameter indicat- 
ing the condition of the associated tire 20.. in this em- 
bodiment the air pressure of the tire 20. The transmitter 
30 then wirelessly transmits data including air pressure 
data, which is obtained from the measurement, to the 
receiver 40. 

[001 9] The receiver 40 is installed at a predetermined 
location in the body frame 11 and is powered by, for ex- 
ample, a battery (not shown) located in the vehicle 1 0. 
A receiving antenna 41 is connected to the receiver 40 
by a cable 42. It is preferred that the cable 42 be a co- 
axial cable, which is hardly affected by a noise. The re- 
ceiver 40 receives a signal from each of the transmitters 
30 by the receiving antenna 41 . More specifically, when 
one of the transmitters 30 wirelessly transmits data to 
the receiver 40, the receiving antenna 41 induces volt- 
age in accordance with the electric field strength of a 
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radio wave received from the transmitter 30. The receiv- 
ing antenna 41 then sends a signal indicating the in- 
duced voltage to the receiver 40. 
[0020] A display 50 is located at a position visible from 
the driver of the vehicle 1 0, for example, in the passen- 
ger compartment. The display 50 is connected to the 
receiver 40 by a cable 43. 

[0021] With reference to Fig. 2, each of the transmit- 
ters 30 includes a transmission controller 31 , which is 
formed by, for example, a microcomputer. The transmis- 
sion controller 31 includes, for example : a central 
processing unit (CPU), a read only memory (ROM), and 
a random access memory (RAM). A specific identifica- 
tion (ID) code is pre- registered in an internal memory, 
for example, the ROM, of each transmitter 31 . The iden- 
tification codes enable the receiver 40 to identify the four 
transmitters 30, each of which corresponds to a different 
one of the tires 20. 

[0022] Each transmitter 30 includes a pressure sen- 
sor 32 and a vehicle speed sensor 33. The pressure 
sensor 32 measures the air pressure of the associated 
tire 20 and transmits air pressure data based on the 
measurement to the transmission controller 31 . The ve- 
hicle speed sensor 33 is, for example, an acceleration 
sensor or a so-called electrostatic capacity type motion 
sensor, which changes electrostatic capacity in relation 
to the centrifugal force generated by rotation of the as- 
sociated tire 20. The vehicle speed sensor 33 provides 
— the transmission controller 31 with a signal correspond- 
ing to the rotational speed of the tire 20, or a signal cor- 
responding to the vehicle traveling speed. 
[0023] Subsequently, the transmission controller 31 
supplies a transmitting circuit 34 with data including a 
signal indicating the received air pressure data and the 
specific ID code registered in the internal memory of the 
transmitter 30. Also, the transmission controller 31 com- 
putes the traveling speed of the vehicle 10 (the vehicle 
traveling speed) based on the signal from the vehicle 
speed sensor 33. The transmission controller 31 then 
determines the bit rate of transmitted data depending 
on the vehicle traveling speed. Further, the transmitting 
circuit 34 encodes and modulates the data from the 
transmission controller 31 in accordance with the bit rate 
determined by the transmission controller 31 . The trans- 
mission circuit 34 then wirelessly transmits the data by 
a transmitting antenna 35. Each transmitter 30 includes 
a battery 36, which powers the transmitter 30. 
[0024] With reference to Fig. 3, the receiver 40 in- 
cludes a reception controller 44 and a receiving circuit 
45, which process data received by the receiving anten- 
na 41 . The reception controller 44 ; which is formed by, 
for example, a microcomputer, includes a CPU, an 
ROM, and an RAM. The RAM stores the specific ID 
codes that identify the four transmitters 30 of the vehicle 
10. When one of the transmitters 30 transmits data to 
the receiver 40, the receiving circuit 45 receives the data 
from the transmitter 30 by the receiving antenna 41 . The 
receiving circuit 45 then demodulates and decodes the 



received data and then transmits the data to the recep- 
tion controller 44. 

[0025] Based on the received data, the reception con- 
troller 44 determines the air pressure of the tire 20 as- 

5 sociated with the transmitter 30 that has transmitted the 
data, or the source of the data. The reception controller 
44 then indicates air pressure data on the display 50. 
Particularly, if the air pressure of the tire 20 is not in an 
acceptable range, the reception controller 44 indicates 

10 a warning on the display 50. 

[0026] Fig. 4 is a graph indicating change of voltage 
level induced in the receiving antenna 41 by a radio 
wave from each transmitter 41 during a single rotation 
cycle of the tire 20 (hereafter, "an induced voltage pat- 

15 tern"). The induced voltage pattern includes an induced 
voltage area in which the induced voltage does not 
reach a level corresponding to a minimum receiving 
sensitivity of the receiver 40 (hereafter, "a null point"). If 
each tire 20 is size 245/40 and attached to an 18 inch 

20 wheel, each rotational cycle of the tire 20 is completed 
in approximately 24.6 milliseconds at the vehicle 
traveling speed of 300km/h. In this case, with reference 
to Fig. 4, each rotation cycle of the tire 20 includes two 
induced voltage areas in which the minimum receiving 

25 sensitivity of the receiver 40 remains satisfied by the in- 
duced voltage, or two receivable induced voltage areas 
A, B. The receivable induced voltage area A corre- 
sponds to 1 2.3 milliseconds, and the receivable induced 
voltage area B corresponds to 11 .2 milliseconds. If each 

30 transmitter 30 transmits 40 bit data at the bit rate of 
1 kbps, a single data transmission cycle is completed in 
40 milliseconds, which is longer than the time corre- 
sponding to each of the receivable Induced voltage ar- 
eas A, B, or 12.3 or 11.2 milliseconds. The data trans- 

35 mission cycle thus cannot avoid the null point, regard- 
less of the timing at which the data transmission cycle 
is started. In this case, the receiver 40 cannot complete- 
ly receive data. 

[0027] In contrast, if each transmitter 30 transmits the 

40 40 bit data at the bit rate of 20kbps, a single data trans- 
mission cycle is completed in two milliseconds. In this 
case, depending on the timing at which the data trans- 
mission cycle is started, the transmission cycle may in- 
clude the null point such that the receiver 40 cannot re- 

45 ceive data. However, the data transmission time, or two 
milliseconds, is shorter than the time corresponding to 
either of the receivable induced voltage area A, B.Thus, 
as long as the data transmission cycle is completed 
without being affected by the null point, the receiver 40 

50 receives complete data. Further, if each transmitter 30 
repeatedly transmits the same data for several times 
during each data transmission cycle, the receivability of 
the receiver 40 is improved. That is, the receiver 40 fur- 
ther reliably receives the data from each transmitter 30. 

55 [0028] Fig. 5 is a table indicating the relationship be- 
tween the traveling speed of the vehicle 1 0 and the re- 
ceivability of the receiver 40. More specifically, the table 
indicates "the time corresponding to a single rotation cy- 
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cle of each tire 20", "the time corresponding to the re- 
ceivable induced voltage area A", "the time correspond- 
ing to the receivable induced voltage area B", "the re- 
ceivability of the receiver 40 at the bit rate of 1kbps", 
and "the receivability of the receiver 40 at the bit rate of 5 
20kbps" , in relation to the traveling speed of the vehicle 
10. The lime corresponding lo a single rotation cycle of 
each tire 20 is obtained based on the assumption that 
the tire 20 is size 245/50 and attached to an 18 inch 
wheel. 

[0029] As is clear from Fig. 5, if the bit rate is 1kbps 
and the traveling speed of the vehicle 10 is not higher 
than 80km/h, the receiver 40 reliably receives transmit- 
ted data. However, if the bit rate is 1kbps and the 
traveling speed of the vehicle 10 is 100km/h or higher, 
the receiver 40 cannot receive transmitted data. 
[0030] Further, if the bit rate is 20kbps and the 
traveling speed of the vehicle 10 is at least 40km/h, the 
receiver 40 reliably receives transmitted data. However, 
as described in "THE BACKGROUND OF THE INVEN- 
TION", the receiver 40 operates intermittently when the 
engine is stopped. This makes it difficult for the receiver 
40 to reliably receive data at the bit rate of 20kbps, which 
is relatively high. 

[0031] Accordingly, to solve this problem, the bit rate 
of the transmitted data of this embodiment is variable, 
being set at 1 kbps when the traveling speed of the ve- 
hicle 1 0 is below 40km/h and being set at 20kbps when 
the traveling speed of the vehicle 10 is at least 40krn/h. 
[0032] In other words, if the traveling speed of the ve- 
hicle 1 0 is below 40km/h, each transmitter 30 transmits 
data at the bit rate of 1 kbps, such that the receiver 40 
reliably receives the transmitted data. Further, if the 
traveling speed of the vehicle 1 0 is at least 40km/h , each 
transmitter 30 transmits data at the bit rate of 20kbps, 
such that the receiver 40 reliably receives the transmit- 
ted data. 

[0033] The intermittent operation of the receiving cir- 
cuit 45, which is performed when the engine of the ve- 
hicle 10 is stopped, will now be described. Whether the 
engine is stopped or not is judged depending on an ig- 
nition signal generated by a key switch of the vehicle 10. 
If the reception controller 44 determines that the engine 
is stopped based on the ignition signal, the intermittent 
operation of the receiving circuit 45 (an intermittent op- 
eration mode of the receiver 40) is started. In contrast, 
if the reception controller 44 determines that the engine 
is operating, the reception controller 44 maintains a con- 
tinuous operation mode of the receiving circuit 45. That 
is, a constantly turned-on state of the receiving circuit 
45 (a continuous operation mode of the receiver 40) is 
maintained. Fig. 6 schematically shows an intermittent 
operating pattern of the receiving circuit 45 when the en- 
gine of the vehicle 1 0 is stopped. As indicated by Fig. 6, 
the receiving circuit 45 is permitted to receive transmit- 
ted data, as long as the receiving circuit 45 is held in a 
turned-on state, which lasts 20 miliiseconds. 
[0034] As described, each transmitter 30 repeatedly 



transmits the same data for several times during a single 
data transmission cycle to avoid the null point. When the 
receiving circuit 45 in the turned-on state acknowledges 
that one of the transmitters 30 is transmitting data, the 
receiver 40 maintains the receiving circuit 45 in the 
turned-on state until after the receiver 40 completely re- 
ceives the data, which is repeatedly transmitted by the 
transmitter 30. 

[0035] The receiver 40 judges whether the received 
data has been transmitted by one of the transmitters 30 
or not as follows. That is, if the receiver 40 repeatedly 
receives a pulse with a predetermined width and then 
an 8 bit header (for example, a header formed by zeroes 
for eight consecutive bits), the receiver 40 determines 
that the received data has been transmitted by one of 
the transmitters 30. 

[0036] If the receiving circuit 45 does not receive data 
from any of the transmitters 30 while being held in the 
turned-on state, the receiver 40 switches the receiving 
circuit 45 to a tumed-off state, which lasts 80 millisec- 
onds. 

[0037] If each transmitter 30 repeatedly transmits 40 
bit data at the bit rate of 1 kbps for six consecutive times 
during a single data transmission cycle, the data trans- 
mission cycle is completed in 240 milliseconds. With ref- 
erence to Fig. 6, if the turned-on state lasts 20 millisec- 
onds and the turned-off state lasts 80 milliseconds in the 
intermittent operation of the receiving circuit 45, the time 
needed for each data transmission cycle, or 240 milli- 
seconds, is longer than the time corresponding to the 
turned-off state. Thus, the receiver 40 receives part of 
the data transmitted during each transmission cycle 
when the receiving circuit 45 is held in the turned-on 
state, which lasts 20 milliseconds. The receiver 40 then 
maintains the receiving circuit 45 in the turned-on state 
until after the receiver 40 completely receives the trans- 
mitted data. Accordingly, even during the intermittent 
operation of the receiving circuit 45 when the engine is 
stopped, the receiver 40 reliably receives data from the 
transmitters 30, as long as the bit rate is relatively low, 
or 1kbps. 

[0038] If each transmitter 30 repeatedly transmits 40 
bit data at the bit rate of 20kbps for six consecutive times 
during a single data transmission cycle, the data trans- 
mission cycle is completed in 12 milliseconds. That is, 
with reference to Fig. 6, the time needed for each data 
transmission cycle is shorter than the time correspond- 
ing to the turned-off state of the receiving circuit 45, 80 
milliseconds. This makes it unlikely for the receiver 40 
to receive data from the transmitters 30 when the receiv- 
ing circuit 45 is held in the turned-on state, 20 millisec- 
onds. Accordingly, if the receiver 40 operates intermit- 
tently when the engine is stopped, the receiver 40 can- 
not reliably receive data at the bit rate of 20kbps, which 
is relatively high. 

[0039] If the time needed for each cycle of the inter- 
mittent operation of the receiving circuit 45 is shortened 
without changing the time ratio between the two states, 
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the receivability of the receiver 40 may be improved 
even if the bit rate of transmitted data is relatively high. 
However, when switched from the turned-off state, the 
turned-on state of the receiving circuit 45 becomes ef- 
fective only after a predetermined time lag (approxi- 
mately 2-10 milliseconds); This may make it impossible 
to sufficiently shorten the time needed for each cycle of 
the intermittent operation of the receiving circuit 45. It is 
thus most feasible that the receivability of the receiver 
40 be improved by prolonging the time for which the re- 
ceiving circuit 45 remains in the turned-on state during 
the intermittent operation. However, as described, this 
consumes more power of the battery, which is installed 
in the vehicle 1 0. Thus, it is optimal that each transmitter 
30 repeatedly transmit 40 bit data at the bit rate of 1 kbps 
for several times during each transmission cycle as long 
a? " p engine is stopped. 

flK J] The embodiment of Figs. 1 to 6 has the follow- 
ing advantages. 

[0041] When the traveling speed of the vehicle 10 is 
below 40km/h, each transmitter 30 transits data at the 
bit rate of 1 kbps. When the traveling speed of the vehicle 
10 is at least 40km/h, each transmitter 30 transmits data 
at the bit rate of 20kbps. When the engine is operating, 
the receiver 40 is maintained in the continuous opera- 
tion mode, or in a constantly turned-on state, and re- 
ceives transmitted data in this state. When the engine 
of the vehicle 10 is stopped, the receiver 40 is main- 
tained in the intermittent operation mode and receives 
transmitted data in this state. Accordingly, when the en- 
gine is stopped, the receiver 40 stably receives data 
transmitted by the transmitters 30 while the battery pow- 
er of the vehicle 10 is saved. As a result, regardless of 
the operational state of the engine of the vehicle 10, or 
regardless of whether the engine of the vehicle 10 is 
stor jed or operating, the transmitters 30 transmit data 
to tr e receiver 40 constantly at an optimal bit rate. 
[0042] If one of the transmitters 30 transmits data to 
the receiver 40 in the intermittent operation mode, the 
receiver 40 receives part of the data when the receiving 
circuit 45 is in the turned-on state. If the receiver 40 de- 
termines that the received data has been set by one of 
the transmitters 30, the receiving circuit 45 is maintained 
in the turned-on state until after the receiver 40 com- 
pletely receives the transmitted data. Accordingly, even 
in the intermittent operation, the receiver 40 stably re- 
ceives data from the transmitters 30. 
[0043] The illustrated embodiment may be modified 
as follows. 

[0044] The vehicle speed sensor 33 may be a so- 
called angular speed sensor, which detects an angular 
speed by an annular silicone oscillator. 
[0045] The optimal bit rate can be determined as long 
as whether the traveling speed of the vehicle 1 0 is below 
40km/h or not is judged. Thus, the vehicle speed sensor 
33 may be a switch that is selectively turned on and 
turned off, depending on whether the traveling speed of 
the vehicle 1 0 is below 40km/h , which is a threshold val- 



ue. 

[0046] The threshold value, which is a reference value 
for changing the bit rate, is not restricted to 40km/h. That 
is, a different value may be selected as the threshold 
5 value depending on the type of the vehicle 10 and the 
size of the wheels. 

[0047] Alternatively, the bit rate may be changed 
among three levels in relation to the traveling speed of 
the vehicle 10. Also, the bit rate may be gradually 
10 changed in relation to the traveling speed of the vehicle 
10. 

[0048] Another embodiment of the present invention 
wili hereafter be described with reference to Figs. 7 to 
10. The description focuses on the difference between 
15 the embodiment of Figs. 1 to 6 and the embodiment of 
Figs. 7 to 10. 

[0049] In the embodiment of Figs. 1 to 6, each trans- 
mitter 30 changes the bit rate of transmitted data in ac- 
cordance with the traveling speed of the vehicle 10, 

20 which is detected by the vehicle speed sensor 33. In 
contrast, in the embodiment of Figs. 7 to 1 0 : each trans- 
mitter 30 transmits data while alternating different bit 
rates in each data transmission cycle, regardless of the 
vehicle traveling speed. In other words, the controller 

25 causes the variable bit rate to vary in a single data trans- 
mission cycle. 

[0050] With reference to Fig. 7, the transmitters 30 of 
this embodiment are not provided with the vehicle speed 
sensors 33. Instead, each transmitter 30 of this embod- 

30 iment includes a temperature sensor 37, which meas- 
ures the temperature of the interior of the associated tire 
20. Thus, each transmitter 30 transmits data including 
temperature data in addition to the air pressure data, as 
data indicating the condition of the tire 20. The transmit- 

35 ter 30 of Fig. 2 may also include the temperature sensor 
37. The transmitters 30 of the embodiment of Figs. 7 to 
10 each include a detecting circuit 38, which detects a 
predetermined external signal received by the associat- 
ed transmitting antenna 35. 

40 [0051] With reference to Fig. 8(a), each transmitter 30 
of this embodiment repeats five consecutive transmis- 
sion subcycles during a single data transmission cycle. 
When transmitting data in each of the transmission sub- 
cycles, the transmitters 30 first employ the bit rate of 

45 20kbps and then the bit rate of 1 kz ps. In other words, 
each transmitter 30 transmits the same data for ten con- 
secutive times in each data transmission cycle while al- 
ternating the bit rates 20kbps and 1 kbps. 
[0052] If the bit count of the data is 40, the time need- 

50 ed for each data transmission cycle is 21 0 milliseconds 
(= two milliseconds x 5 + 40 milliseconds x 5). With ref- 
erence to Fig. 6, as described, a single intermittent op- 
erating pattern of the receiving circuit 45 includes the 
turned-on state that lasts 20 milliseconds and the 

55 turned-off state that lasts 80 milliseconds. Thus, the time 
needed for each data transmission cycle, 210 millisec- 
onds, is longer than the time corresponding to the 
turned-off state, 80 milliseconds. Accordingly, when one 
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of the transmitters 30 transmits data to the receiver and 
the receiving circuit 45 is in the turned-on state, which 
lasts 20 milliseconds, the receiver 40 receives part of 
the data. The receiver 40 then maintains the receiving 
circuit 45 in the turned-on state until after the receiver s 
40 completely receives the transmitted data. As a result, 
even if the receiver 40 operates intermittently when the 
engine is stopped, the receiver 40 reliably receives data 
from the transmitters 30. 

[0053] Further, as described about the embodiment 
of Figs. 1 to 6, to enable the receiver 40 to optimally 
receive data from the transmitters 30, it is preferred that 
the bit rate of transmitted data be 1kbps when the vehi- 
cle traveling speed is below 40km/h and 20kbps when 
the vehicle traveling speed is at least 40km/h. However, 
in the embodiment of Figs. 7 to 1 0, each transmitter 30 
alternates the bit rates 1 kbps and 20kbps during each 
data transmission cycle. Accordingly, the receiver 40 is 
constantly ensured to optimally receive data from the 
transmitters 30, without changing the bit rate in relation 
to the traveling speed of the vehicle 10. 
[0054] Alternatively, with reference to Fig. 8(b), each 
transmission subcycle of the transmitters 30 may be 
started at the bit rate of 1 kbps, in contrast with Fig. 8(a). 
[0055] An external control device 60 will now be de- 
scribed with reference to Fig. 9. The external control de- 
vice 60 transmits a trigger signal for temporarily setting 
the transmitters 30 in a registration mode. In the regis- 
tration mode, the receiver 40 registers the specific ID 
codes of the transmitters 30. When the receiver 40 is 
not operating in the registration mode (or is in a normal 
operation mode), the transmitters 30 transmit data at 
predetermined time intervals. That is, In the normal op- 
eration mode, the transmitters 30 transmit data in the 
manners illustrated in Figs. 8(a) or 8(b). 
[0056] With reference to Fig. 9, the external control 
device 60 includes a switch 61 , an oscillating circuit 62, 
and a transmitting circuit 63. The switch 61 temporarily 
sets the transmitters 30 in the registration mode. The 
oscillating circuit 62 generates an oscillating signal for 
setting the transmitters 30 in the registration mode when 
the switch 61 is manipulated. The transmitting circuit 63 
generates a trigger signal as an external signal in re- 
sponse to the oscillating signal of the oscillating circuit 
62. The transmitting circuit 63 transmits the trigger sig- 
nal by a transmitting antenna 64. A battery 65 powers 
the external control device 60. It is preferred that the 
external control device 60 be portable. 
[0057] A procedure for registering the ID codes of the 
transmitters 30 by the external control device 60 will 
hereafter be described. 

[0058] First, the external control device 60 is placed 
in the vicinity of one of the transmitters 30, which is at- 
tached to the associated tire 20 of the vehicle 1 0. The 
switch 61 of the external control device 60 is then ma- 
nipulated to send the trigger signal by the transmitting 
antenna 64. The trigger signal is detected by the detect- 
ing circuit 38 of the transmitter 30, which is located in 



the vicinity of the external control device 60. The trans- 
mission controller 31 of the transmitter 30 then deter- 
mines that the trigger signal has been detected. The 
transmitter 30 is thus set in the registration mode and 
transmits data including the specific ID code by the 
transmitting antenna 35. 

[0059] In the registration mode, the transmitters 30 
transmit data in a different manner from that of the nor- 
mal operation mode, with reference to Fig. 10, for ex- 
ample. More specifically, in the registration mode, the 
transmitters 30 repeat a predetermined number of (for 
example, two) transmission subcycles during each data 
transmission cycle. In each of the transmission subcy- 
cle, the transmitters 30 transmit the same data at the bit 
rate of 1 kbps for two consecutive times and then at the 
bit rate of 20kbps for two consecutive times. 
[0060] On receiving data from one of the transmitters 
30, the receiver 40 judges whether the received data 
has been transmitted in accordance with the registration 
mode or the normal operation mode, depending on the 
pattern in which the bit rates of the transmitted data are 
combined. If the bit rate combination pattern of the re- 
ceived data corresponds to the normal operation mode, 
the receiver 40 compares the ID code included in the 
transmitted data with the four ID codes stored in the 
RAM of the reception controller 44. If the received ID 
code matches one of the stored ID codes, the receiver 
40 continuously processes the received data to monitor 
the condition of the associated tire 20. More specifically, 
the receiver 40 extracts information including the air 
pressure data from the received data and indicates the 
information on the display 50 as needed. 
[0061] In contrast, if the bit rate combination pattern 
of the received data corresponds to the registration 
mode, the receiver 40 causes the RAM of the reception 
controller 44 to register the ID code extracted from the 
data. 

[0062] This ID code registering procedure is repeated 
for all of the tires 20 such that the receiver 40 registers 
the four ID codes, each of which corresponds to a dif- 
ferent one of the four transmitters 30 installed in the ve- 
hicle 1 0. When the data transmission in accordance with 
the registration mode is ended, the transmitters 30 
resume the normal operation mode to transmit data at 
predetermined time intervals. 

[0063] The embodiment of Figs. 7 to 10 has the fol- 
lowing advantages, in addition to those of the embodi- 
ment of Figs. 1 to 6. 

[0064] In the embodiment of Fig. 7 to 10, instead of 
changing the bit rate of transmitted data in relation to 
the vehicle traveling speed, the transmitters 30 transmit 
data while alternating different bit rates during each data 
transmission cycle, regardless of the vehicle traveling 
speed. It is thus unnecessary to provide the transmitters 
30 with vehicle speed sensors. This simplifies the struc- 
ture of each transmitter 30 and reduces the manufac- 
turing cost of the transmitters 30. 
[0065] When the ID codes of the transmitters 30 are 
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registered in the receiver 40, the external control device 
60 enables the transmitters 30 to transmit data needed 
for registering the ID codes to the receiver 40. That is, 
for example, it is unnecessary to manually switch the 
receiver 40 to the registration mode for registering the 
ID codes of the transmitters 30. The external control de- 
vice 60 thus makes it easy to register the ID codes of 
the transmitters 30 in the receiver 40. 
[0066] The content of the data transmitted by the 
transmitters 30 in the registration mode may be the 
same as that of the data transmitted by the transmitters 
30 in the normal operation mode. In other words, the 
data transmitted by the transmitters 30 in the registration 
mode may include the specific ID code, pressure data, 
and temperature data, like that of the normal operation 
mode. In this case, the only difference between the data 
corresponding to the registration mode and the data cor- 
responding to the normal operation mode is in the bit 
rate combination patterns. This simplifies configuration 
and controlling for data transmission, leading to lower 
costs. 

[0067] Further, in the embodiment of Figs. 1 to 6, the 
ID codes of the transmitters 30 may be registered in the 
receiver 40 in the same manner as in the embodiment 
of Figs. 7 to 10. That is, as set in the registration mode, 
the transmitters 30 transmit data at bit rates different 
from those of the normal operation mode to enable the 
receiver 40 to register the ID codes, which are included 
in the transmitted data. 

[0068] The embodiment of Figs. 1 to 7 may be modi- 
fied as follows. 

[0069] In the illustrated embodiment, each data trans- 
mission cycle is completed by repeating five consecu- 
tive transmission subcycles, in each of which the bit rate 
of transmitted data is switched from 20kbps to 1kbps. 
However, the number of transmission subcycles per- 
formed in each data transmission cycle may be 
changed. 

[0070] The combination of the bit rates employed in 
each data transmission cycle is not restricted to those 
illustrated in the drawings but may be changed as need- 
ed. 

[0071] The bit rate of transmitted data may be 
switched among three or more levels during each data 
transmission cycle. 

[0072] Further, the embodiment of Figs. 1 to 6 and the 
embodiment of Figs. 7 to 1 0 may be modified as follows. 
[0073] The receiver 40 may include a plurality of re- 
ceiving antennas 41 , each of which is associated with a 
different one of the tires 20. 

[0074] A sound alarm device may be provided for 
warning the driver of a non-normal air pressure of the 
tires 20. The sound alarm device may be a conventional 
speaker provided in the vehicle 10. 
[0075] The air pressure data transmitted by each 
transmitter 30 may include, for example, a specific value 
of the air pressure of the associated tire 20. Alternative- 
ly, the data may only indicate whether the air pressure 



of the tire 20 is in an acceptable range or not. 
[0076] A temperature sensor may be provided in each 
transmitter 30. In this case, the data wirelessly transmit- 
ted by the transmitter 30 includes data indicating the 

5 temperature of the interior of the associated tire 20, in 
addition to the air pressure data. 
[0077] The tire condition monitoring apparatus of the 
present invention may be applied to vehicles other than 
four wheel vehicles. That is, the apparatus may be ap- 

10 plied to two wheel vehicles, such as bicycles and mo- 
torbikes, or buses or trucks or industrial vehicles (for ex- 
ample, forklifts). 

[0078] The intermittent operation of the receiver 40, 
which is performed when the engine of the vehicle 1 0 is 

15 stopped, may be performed also when the vehicle 1 0 is 
stopped, or the engine of the vehicle 10 is idling. This 
saves the battery power even during the engine idling, 
which reduces the power generation of the power gen- 
erator of the vehicle 10. 

20 [0079] The present examples and embodiments are 
to be considered as illustrative and not restrictive and 
the invention is notto be limited to the details given here- 
in, but may be modified within the scope and equiva- 
lence of the appended claims. 

25 

Claims 

1 . A transmitter of an apparatus (1 ) for monitoring the 
30 condition of a tire (20) attached to a vehicle (10), 
characterized by: 

a tire (20) condition sensor (32,37) , wherein the 
tire (20) condition sensor (32,37) measures a 
35 parameter indicting the condition of the tire 

(20); 

a transmitting circuit (34), wherein the transmit- 
ting circuit (34) wirelessly transmits, at a varia- 
ble bit rate, data representing the measured pa- 
40 rameter; and 

a controller (31), wherein the controller (31) 
controls the variable bit rate of the data trans- 
mitted by the transmitting circuit (34). 

45 2. The transmitter according to claim ^characterized 
by a vehicle speed sensor (33), wherein the vehicle 
speed sensor (33) detects a traveling speed of the 
vehicle (10), and the controller (31 ) controls the var- 
iable bit rate depending on the detected traveling 

50 speed. 

3. The transmitter according to claim 2, characterized 
in that the controller (31) controls the variable bit 
rate depending on whether the detected traveling 

55 speed is below a predetermined speed or is at least 
the predetermined speed. 

4. The transmitter accordi ng to claim 3, characterized 
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in that the controller (31) controls the variable bit 
rate to be lower when the detected traveling speed 
is below the predetermined speed than when the 
detected traveling speed is at least the predeter- 
mined speed. 

5. The transmitter according to claim 1 , characterized 
in that the controller (31) causes the transmitting 
circuit (34) to transmit data repeatedly in a single 
data transmission cycle. 

6. The transmitter according to claim 1 , characterized 
in that the controller (31) causes the variable bit 
rate to vary in a single data transmission cycle. 

7. The transmitter according to claim 6, characterized 
in that the controller (31) causes the variable bit 
rate to switch in the single data transmission cycle 
between a first bit rate and a second bit rate, where- 
in the first bit rate is lower than the second bit rate. 

8. A tire condition monitoring apparatus comprising 
the transmitter (30) according to claim 6 or 7 and a 
receiver (40) for receiving and processing the data 
transmitted from the transmitter (30), the apparatus 
characterized in that: 

the transmitter (30) has a specific identification 
code, transmits the identification code together 
with the data representing the measured pa- 
rameter, operates in a normal operation mode 
for transmitting the data at predetermined time 
intervals or a registration mode for transmitting 
the data in response to a predetermined exter- 
nal signal, and transmits the data at a different 
combination of bit rates in the registration mode 
from that of the normal operation mode; and 
when receiving the data from the transmitter 
(30), the receiver (40) determines which mode 
the transmitter (30) is operating in based on a 
pattern of the bit rate combination of the data, 
and if the transmitter (30) is determined to be 
operating in the registration mode, the receiver 
(40) registers the identification code, which is 
included in the received data. 

9. The apparatus according to claim 8, characterized 
by an external control device (60), wherein the ex- 
ternal control device (60) transmits the externa! sig- 
nal to the transmitter (30), and the transmitter (30) 
includes a detecting circuit (38) for detecting the ex- 
ternal signal. 

10. A tire condition monitoring apparatus comprising 
the transmitter (30) according to any one of claims 
1 to 7 and a receiver (40) for receiving and process- 
ing the data transmitted from the transmitter (30), 
the apparatus characterized in that the receiver 



(40) operates in a continuous operation mode for 
constantly enabling data reception when an engine 
is operating, and the receiver (40) operates in an 
intermittent operation mode for intermittently ena- 
5 bling the data reception when the engine is stopped. 

1 1 . The apparatus according to claim 1 0 characterized 
in that, in the intermittent operation mode, the re- 
ceiver (40) is switched between a turned-on state 

10 and a turned-off state at predetermined time inter- 
vals, and if the receiver (40) in the turned-on state 
receives the data from the transmitter (30), the re- 
ceiver (40) is maintained in the turned-on state until 
after the receiver (40) completely receives the data, 
15 regardless of a predetermined time for which the re- 

ceiver (40) should remain in the turned-on state. 

12. A method for monitoring the condition of a tire (20) 
attached to a vehicle (10), characterized by the 

20 steps of: 

measuring a parameter indicating the condition 
of the tire (20); 

wirelessly transmitting, at a variable bit rate, da- 
25 ta representing the measured parameter; and 

varying the variable bit rate of the transmitted 
data in accordance with atraveling speed of the 
vehicle (10). 

30 13. A method for monitoring the condition of a tire (20) 
attached to a vehicle (10), characterized by the 

steps of: 

measuring a parameter indicating the condition 
35 of the lire (20); and 

wirelessly transmitting data representing the 
measured parameter at more than one bit rate. 
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